Introduction
During pregnancy, physiological changes in carbohydrate and lipid metabolism are associated with increases in TC, TG, HDL-c, and LDL-c. [1, 2] . Although these changes in the maternal serum lipid profile are thought to be normal adaptations to support fetal development, studies have shown that some factors such as being overweight [1] , sedentary behavior [3] , smoking [4] , vitamin B1 (thiamine) and B2 (riboflavin) deficiency [5] and lifestyle [6] negatively influence this increase.
There is increasing evidence shown that an abnormal lipid profile during gestation may increase the risk of cardiovascular disease and result in undesirable outcomes for the mother and the fetus, including preeclampsia [7, 8] , gestational diabetes mellitus [9, 10] , intrauterine growth restriction and premature birth [11, 12] .
Recent clinical trials and observational studies have shown that adequate serum concentrations of 25(OH)D are related to a better lipid profile in children, adolescents, and adults [13, 14, 15] . In contrast, low vitamin D status has been associated with an
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increase in blood pressure (BP) and markers of cardiovascular disease risk [16, 17] .
Vitamin D is thought to modify cardiometabolic processes, either directly by the actions of its nuclear vitamin D receptor [18] or indirectly by regulation of calcium homeostasis [19] .
Vitamin D inadequacy has been described as a pandemic condition and a serious public health problem, with a high prevalence worldwide in adult women, including 77% in Brazil, 73% in Australia, 84% in Scotland, and 83% in Nigeria [20] . Similar prevalences were found in pregnant women in other parts of the world, such as Germany (77%), Belgium (74%), and Pakistan (79%) [20] . The lack of prospective studies investigating the association between vitamin D status and lipid changes throughout pregnancy, combined with the high prevalence of vitamin D inadequacy among women of reproductive age, [20, 21] highlight the importance of the current study.
The purpose of this study was to evaluate the associations between first trimester 25(OH)D status and subsequent changes in HDL-c, LDL-c, TC, TG concentrations, and TG/HDL-c and TC/HDL-c ratios during the course of pregnancy. We hypothesize that first trimester 25(OH)D inadequacy is associated with lower concentrations of HDL-c, higher LDL-c, TC, and TG concentrations, and higher TG/HDL-c and TC/HDL-c ratios throughout pregnancy.
Methods

Study design and eligibility criteria
This is a prospective cohort study that recruited women from a public health 
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Maternal blood sample collection (5 mL) was performed between 6:50 am and 7:50 am by a trained technician (nurse) after 12 hours of fasting. Blood samples were collected into vacutainer tubes at 3 different clinic visits (first, second, and third gestational trimesters). Maternal blood samples were immediately centrifuged (5,000 rpm for 5 minutes), and aliquots of serum (prepared from blood collected in tubes with gel separator) and plasma (prepared from blood collected in tubes containing EDTA)
were stored at -80°C until analysis.
Vitamin D status
The 
Lipid profile
The lipid profile outcomes in this study were HDL-c, TC, TG, LDL-c, TC/HDL, and TG/HDL. Serum samples were used to determine the concentrations of HDL-c, TC,
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and TG concentrations using an enzymatic colorimetric method in an automated analyzer (Labmax Plenno, Labtest Diagnostica, Minas Gerais, Brazil) and commercial kits (Labtest Diagnostica, Minas Gerais, Brazil). LDL-c was calculated using the Friedewald, Levy, and Fredrickson (1972) formula. [23] .
Covariates assessment
Early maternal body weight was measured to the nearest 0.1 kg between the fifth and thirteenth gestational weeks using an electronic scale (Filizzola Ltd., São Paulo, Brazil). Height was measured in duplicate using a portable stadiometer (Seca Ltd., Hamburg, Germany) at baseline to the nearest 0.1 cm. Early BMI was calculated using the formula weight (kg)/height (m) 2 The cut points proposed by the World Health
Organization and endorsed by the Institute of Medicine (IOM) (2009) [24] were used to classify the women's BMI in early pregnancy. All anthropometric measurements were obtained according to standardized procedures and recorded by trained interviewers.
[25].
In the first trimester, a validated semi-quantitative Food Frequency Questionnaire (FFQ) was administered by trained interviewers; this FFQ is an updated version of the most commonly used FFQ in Rio de Janeiro, Brazil [26] . Total vitamin D (mg/day) and energy (kcal/day) intakes were estimated based on the daily frequency of intake and portion sizes reported for each FFQ food item. A Brazilian household measures table was used to quantify portion sizes that were converted into grams or milliliters. [27] . The nutrient database was constructed primarily with the nutritional composition of food consumed [28] and complemented by the database developed by the U.S. Department of Agriculture [29] .
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Statistical analysis
We compared mean concentrations of 25(OH)D, lipid outcomes, and relevant confounders measured at baseline between the women who reached the final followup (n = 161) and those who were lost to follow-up or excluded from the analysis (n = 33). The chi-squared test was applied for categorical variables and Student's t-test for continuous variables.
The characteristics of pregnant women were described as means and standard deviation (SD) for continuous variables and as absolute (n) and relative frequency (%)
for categorical variables according to first trimester 25(OH)D status. Means were compared using Student's t-test and proportions using the chi-squared test. The trend of the lipid profile outcomes throughout pregnancy was compared using ANOVA for repeated measures.
Crude and adjusted longitudinal linear mixed-effect (LME) regression models were performed to evaluate the association between 25(OH)D status at baseline and The maximum likelihood ratio and Akaike information criterion were considered to select the most parsimonious model, and the unstructured covariance matrix was used in all models.
Effect plots containing data scatter, longitudinal prediction, and 95%
confidence intervals (CIs) were constructed to illustrate the variation in lipid concentrations during pregnancy according to 25(OH)D status in the first trimester.
Statistical analyses were performed using Stata Data Analysis and Statistical Software (STATA), version 12.0 [31] and R statistical software package, version 3.1.2
[32].
Ethics
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The Rio de Janeiro Municipal Health Secretary Research Ethics Committee approved the study procedures (reference number: 0139.0.314.000-09). Written informed consent was obtained from each volunteer before entry into the study.
Results
No differences were found regarding 25(OH)D or lipid profile concentrations at baseline between women who completed the follow-up and to those classified as lost to follow-up or excluded (Supplemental Table 1 ).
The mean age of the women was 26. Table 1 ).
The trend of changes throughout pregnancy was positive and statistically significant for all lipid outcomes except for the TG/HDL ratio. This holds true even after adjustment for a wide range of confounders. The increment was independent of first trimester 25(OH)D status. The dots representing each observation are concentrated toward the regression line, meaning a good fit of the models (Figures 1-6 ).
A direct and significant association was observed between baseline 25(OH)D status and changes in TC (β = 9.53; 95% CI = 1.12-17.94; P value = 0.026) and LDL-c (β = 9.99; 95% CI = 3.62-16.36; P value = 0.002) concentrations during pregnancy
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when analyses were adjusted for confounders ( Table 2) . (Table 4 ).
Discussion
To the best of our knowledge, this is the first longitudinal study to evaluate the might increase the risk of cardiovascular diseases and may also result in undesirable outcomes for the mother and the fetus. [7, 11] . Vitamin D may be an important modifiable risk factor and thus should be considered as a potential target for interventions. Studies in humans have shown that vitamin D adequacy might be related to improvements in the lipid profile [13, 14, 15] . For instance, a recent study of 195 adults without cardiovascular disease found that participants with coronary artery calcification were 3.3 times more likely (OR = 3.31, 95% CI: 1.12-9.77) to be vitamin D deficient, 25(OH)D < 50 nmol/L, after adjusting for age, BMI, smoking, alcohol intake,
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C-reactive protein, and TG when compared to those without calcification [15] .
Consistent evidence suggests that vitamin D receptors are present in tissues, including the vascular endothelium [37] , and myocardium [17] and have been shown to decrease proliferation of vascular cell smooth muscle and to improve vasodilation of the endothelium. Additionally, studies have suggested that low concentrations of vitamin D are related to cardiovascular disease, myocardial infarction, stroke, and congestive heart failure [38, 39, 40] . It is known that vitamin D plays an important role in the regulation of cholesterol biosynthesis. Vitamin D inhibits coenzyme A reductase (HMG CoA reductase) and thus inhibits cholesterol synthesis [41, 42] . Furthermore, it has a potent anti-lipolytic action, increasing intracellular calcium levels, regulates the reninangiotensin system, and suppresses lipolysis in human adipocytes [43] . Nevertheless, little is known about these associations during gestation. 
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